Abstract. This paper examines the dynamic relationship between economic freedom and income inequality in the fifty U.S. states over the 1979-2004 period. Using fixed effects regression analysis, we find evidence that increases in economic freedom are associated with lower income inequality, but the dynamic relationship between the two variables depends on the initial level of economic freedom. This suggests that there may be an inverted U-shaped relationship between economic freedom and income inequality. The inflection point at which additional increases to economic freedom in a state result in less income inequality is estimated. The results are robust to various time periods and several alternative measures of income inequality.
Introduction
Economic inequality is one of the most divisive contemporary political issues in the United States. In a 2011 speech, President Obama invoked the ageold dogma that the rich are getting richer while the poor are getting poorer in claiming that "over the past three decades, the middle class has lost ground while the wealthiest few have become even wealthier." 1 In doing so, President Obama was making the case for a second government stimulus since taking office, with the implicit message that government redistribution is a corrective mechanism necessary to reduce the inequalities created under a market system. President Obama is correct in suggesting that income inequality has increased over the past 30 years in the United States, according to most aggregate 1 Remarks of President Barack Obama from his weekly radio address on October 29, 2011, entitled ``We Can't Wait to Strengthen the Economy and Create Jobs." Transcript reviewed March 26, 2012 March 26, at www.whitehouse.gov/blog/2011 measures. The household income Gini coefficient, a measure of relative inequality in the distribution of income among households that ranges from zero (perfect equality) to one (perfect inequality), increased from 0.403 to 0.469 over the 1980-2010 period, a 16.5% increase in inequality. 2 Figure 1 displays the trend in the income Gini household measure in the U.S. from 1980-2010. Across the fifty U.S. states, a similar pattern of increased income inequality emerged, with the average state-level household income Gini measure increasing by 13.2% over the 1980-2010 period. 3 Among the states, inequality grew by the least (6.4%) in Mississippi and the most (24.6%) in Connecticut. To the extent that reducing inequality is a policy objective, gaining a better understanding of the relationship between economic freedom and inequality is needed. In this paper, we empirically examine the relationship between state-level economic freedom, as measured by the Fraser Institute's Economic Freedom of North America Index, and relative income inequality for the fifty U.S. states over the 1979-2004 period. We use the family income Gini coefficients of Galbraith and Hale (2006) , hereafter GH, as our primary measure of income inequality. 4 In empirically examining the effect that economic freedom exerts on income inequality, there are generally two channels to examine. The first is to analyze the relationship between levels of economic freedom and inequality through panel analysis. Using a variety of methods, we fail to find a statistically significant relationship between the level of economic freedom and income inequality in the U.S. While the static relationship between the two variables is unclear, fixed effects models exploring the dynamic relationship between economic freedom and income inequality are more revealing. Our findings suggest that increases in economic freedom are associated with lower income inequality, but this effect depends on the initial level of economic freedom, implying that there is an inverted U-shape relationship between economic freedom and income inequality. The results are robust to various time spans and several alternative measures of income inequality.
The remainder of the paper is organized as follows. Section two provides a brief literature review and is followed by a discussion of the Economic Freedom of North American Index. In section four, our methodology and empirical results are presented. Section five discusses the theoretical possibility of an inverted U-shaped economic freedom-income inequality curve, along with evidence of its existence from our analysis. The last section offers concluding remarks.
Literature review
Economic theory does not yet offer clear guidance on the anticipated relationship between economic freedom and income inequality. Berggren (1999) attempted to provide a theoretical foundation in showing that economic freedom influences income inequality through various channels, but concluded that the net effect of economic freedomboth in levels and changes -on income inequality is theoretically ambiguous. The ambiguity in Berggren's theory is due to the anticipated differential effect on inequality of the various components comprising a measure of economic freedom. 5 Both Berggren (1999) and Carter (2006) suggest that government redistribution, which reduces economic freedom, leads to an increase in equality. As Barro (2000) notes however, the anticipated negative relationship between redistribution and inequality rests on the assumption that the "distribution of political power is more egalitarian than the distribution of economic power," implying that redistribution must be vertical rather than horizontal to induce improvements in equality. In addition to Barro's point that relates to rent-seeking and corruption, it is also conceivable that redistribution leads to increased inequality through other channels. The revenues used to finance redistribution are largely raised through distortionary taxation that provides a disincentive to work. If the disincentives are large enough, then some --particularly those at or near the eligibility level for transfer programs --may become dependent on the government for transfers and likely experience stagnation in their income over time. Meanwhile, those remaining in the labor force continue to acquire human capital and likely experience income gains, resulting in an increase in income inequality over time. 6 Vedder, Gallaway, and Sollars (1988) provide an overview of some of the other arguments that have been advanced as to why government redistribution might not reduce inequality, including the crowding out of private sector charity and the capitalization of public transfer payments. 7 Thus, it is not clear a priori that governmental redistribution serves as an inequalityreducing policy mechanism.
Redistribution is not the only policy related to economic freedom that potentially exerts an impact on inequality. Several authors have empirically examined the relationship between individual components of economic freedom and inequality. Clark and Lawson (2008) found that high marginal tax 5 Berggren's analysis as well as ours adopts the Gwartney, Lawson, and Hall (2012) definition of economic freedom, which includes policies and institutions that promote personal choice, voluntary exchange, freedom to compete, and security of privately owned property. 6 See Cox and Alm (1995) for empirical evidence of income mobility in the U.S.; Barro (2000) also discusses the disincentive to invest and save created by redistribution, implying that these disincentives may act to increase inequality through slowing of economic growth. 7 See Gruber and Hungerman (2007) and Hungerman (2005) for empirical evidence of public sector crowd out; see Gwartney and Stroup (1986) and Tullock (1986) for discussion of market adjustments to transfers.
rates are negatively related to income inequality, suggesting that progressive tax and redistribution policies increase equality, but that other aspects of economic freedom such as property rights, sound money, trade openness and limited government act to reduce income inequality. Berggren (1999) found that trade openness and financial deregulation exert a significant negative impact on income inequality. Scully (2002) indicated that the size of government, as measured by the government consumption and transfers and subsidies as a share of GDP ratios, is associated with greater income equality, but that government intervention in the form of state-owned enterprises is associated with greater income inequality. Ashby and Sobel (2008) suggested that minimum wage reductions and lower tax burdens would be the best policies to reduce income inequality in the United States.
A number of authors have conducted holistic analyses of the relationship between economic freedom and inequality using a variety of methodologies, but the results have thus far been inconclusive. Berggren (1999) concluded that across countries the level of economic freedom is positively associated with inequality, but changes that enhance economic freedom over time lead to lower inequality; however, as Carter (2006) points out, Berggren's model can be rewritten as a distributed-lag model, and as such, the regression results imply the opposite of what Berggren indicates, namely that the short-run effect of the level of economic freedom on inequality is negative and the long-run effect is positive.
Using a multiple stage approach, Scully (2002) found that economic freedom and income inequality are negatively related across countries and that increases in economic freedom enhance income equality through the growth of the share of market income earned by the two lowest income quintiles and a reduction in the share of the highest quintile. Ashby and Sobel (2008) , in an analysis of the fifty U.S. states, found that policy changes that enhance economic freedom lead to higher levels of income and income growth for all income groups, acting to reduce relative income inequality. Concerning the results of Ashby and Sobel, the Carter critique is applicable, as their regression models can also be rewritten as distributed lag models, and as such, the results are subject to a different interpretation.
Carter (2006) employed a fixed effects approach in exploring whether there is a parabolic relationship between economic freedom and income inequality across countries, finding that beginning at a low initial level of economic freedom, increases in economic freedom can exert a negative effect on income inequality, but that beyond a relatively low level of freedom, additional increases generate increased inequality. Carter's results contradict those of Berggren (1999) and Scully (2002) and, as Carter notes, imply that there is a tradeoff between economic freedom and income inequality. Thus, there remains ambiguity in the relationship between economic freedom and inequality.
The contribution of the current research is twofold. First, our analysis of the relationship between income inequality and economic freedom in the U.S. differs in two significant ways from that of Ashby and Sobel (2008) . Their analysis uses the ratio of the highest-to-lowest income quintiles as the measure of relative income inequality, while our paper utilizes income Gini coefficients, alternative measures of relative income inequality that account for the entire income distribution. We also use several alternative income Gini measures as a robustness check. In addition, our analysis incorporates lagged dynamic effects, whereas that of Ashby and Sobel does not. Next, while Carter (2006) examined the parabolic relationship between economic freedom and income inequality across countries, our analysis explores this relationship across states. Given that some institutions and policies are established at the national level, the results from international and subnational analyses might differ.
Economic freedom in the U.S.
The independent variable of interest for this study is economic freedom. We use data from the Fraser Institute's annual Economic Freedom of North America (EFNA) report to measure economic freedom for several reasons. First, the economic institutions and policies measured by the index are consistent with the definition of economic freedom advanced by James Gwartney, Bob Lawson, and their various co-authors over the years. As noted by its authors, the EFNA index attempts "to gauge the extent of the restrictions on economic freedom imposed by governments in North America," including the United States (Ashby, Bueno, and McMahon (2011) ). Thus, it attempts to measure the extent to which states enact policies consistent with free market principles.
Second, it provides annual state-level data for the period spanning 1981-2009, making it the only comprehensive dataset available for a long enough period of time to evaluate the dynamic effects that changes in market-oriented policy exert on income inequality. 8 Next, the index is comprised of reliable, data-driven measures that are consistent across states, with the data for the underlying variables easily accessible. Finally, the data are provided at two levels: all government, which includes all federal, state, and local government economic activity within a state, and subnational, which includes only state and local government economic activity; this provides an opportunity to examine whether economic policy by level of government exerts a differential impact. The analysis and results reported here make use of the subnational data only, since state governments have little control over federal economic policy.
The EFNA index is comprised of three main areas, each with several components. The three areas are: size of government; takings and discriminatory taxation; and labor market freedom. Each component is transformed to a 0-10 scale and is assigned an equal weight for the area to which it belongs, and each area is given an equal weighting in the composite index score. Table 1 provides a breakdown of the three areas and subcomponents of each. Despite the advantages mentioned above, there are several limitations to the EFNA data. First, economic institutions and policy have a tendency to change slowly over time. We attempt to overcome this issue by using quintennial rather than annual data. 9 Next, economic institutions that may exert an impact on inequality, such as the protection of property rights, monetary policy, and trade openness are relatively homogenous across states. For instance, the Commerce Clause of the U.S. Constitution prevents individual states of the union from imposing trade restrictions, and the Federal Reserve controls the money supply for the entire country. Berggren (1999) found trade liberalization to be one of the most important determinants of economic freedom in reducing inequality, and Scully (2002) indicated that inflation and inequality are positively related. Thus, to the extent that economic institutions are constant across states, the estimated effects of economic freedom on income inequality may not have external validity beyond the United States. Finally, the EFNA index does not measure any of the nuanced regulatory differences across states that may exert an influence on income inequality. The Mercatus Center's Freedom in the 50 States report contains more comprehensive information on such regulations, but unfortunately it only began to measure economic freedom over the last few years, which is not a sufficient duration for a dynamic analysis.
Methodology and empirical results
First, the level of income inequality is regressed on the 10-year change in economic freedom, ∆ , using fixed state, , and time, , effects, and a number of contemporaneous control variables, , such as per capita income, the unemployment and college attainment rates, the share of the population over the age 65, and the Hispanic share of the population 10 :
The results of estimating equation 1, reported in Table 2 , suggest that increases in economic freedom over the preceding 10 years are associated with 9 1981 is the first observation year, followed by 1984. Quintennial data after 1984 (years ending in 4 or 9) are used in order to align with the income inequality data, which is only available until 2004. 10 Summary statistics for the variables used in the estimations are reported in the appendix.
lower levels of income inequality in the current period. Columns (2) and (3) provide a robustness check of this result using decennial Census measures of household and family income Gini coefficients as the dependent variable, respectively. 11 The results suggest that a state which increased economic freedom by a single point, or 1.6 standard deviations, over the course of the preceding decade has a family income Gini measure 0.005 lower than a state with the same initial level of economic freedom but whose rating remained unchanged over the period, all else equal. In other words, a 1 standard deviation increase in economic freedom over the preceding decade is associated with a 0.104 standard deviation lower family income Gini coefficient in the current period, ceteris paribus. Although the point estimates differ, the two alternative measures of income inequality reflect the same qualitative and statistically significant results, suggesting that the findings are robust. 12 Next, we employ two dynamic fixed effects distributed lag panel models to test whether changes in economic freedom are associated with changes in income inequality. Equation 2 provides the general structure for these models, which regresses the 5-and 10-year changes in income inequality, ∆ , on the initial level of inequality, , , 5-year intervallic changes in economic freedom, including a lagged change, ∆ , where γ is a 1 vector of coefficients: 13
The results from estimations of the two dynamic variations of equation 2 augment the evidence reported in Table 2 . Lagged increases in economic freedom are associated with reductions in income inequality.
Column 1 of estimates of equation 2 when 5-year changes in inequality, ∆ , are regressed on the initial level of inequality, the corresponding 5-year change in economic freedom, ∆ , and the lagged quintennial change in economic freedom, ∆ . The sign on both dynamic variables is negative, but only the lagged change in economic freedom is statistically significant. When the 10-year changes in inequality, ∆ , are regressed on the initial level of inequality and the previous three quintennial changes in economic freedom, we find similar results. Lagged increases in economic freedom, ∆ , as well as increases during the first 5 years following the start of the contemporaneous period of measure, ∆ , are statistically significant and negatively associated with income inequality over a 10-year period. The magnitude of the marginal effect of the latter variable is greater than that of the former. Recent changes in economic freedom, ∆ , do not exert a statistically significant effect, although the sign is positive, on the 10-year change in inequality. These results are reported in column 2 of Table 3 . Together, these two dynamic models suggest that increases in economic freedom lead to lower income inequality, but the effect takes time to be realized.
We also examined the dynamics between changes in economic freedom and changes in income inequality over a longer time period using ordinary least squares regression. The 20-year changes in income inequality, ∆ , are regressed on initial income inequality and changes in economic freedom in the two most recent 5-year intervals, ∆ and ∆ , change in economic freedom during the first decade following the initial period, ∆ , and regional dummy variables, as defined by the Census Bureau, to control for potential regionspecific effects. Columns 3 and 4 of Table 3 report the results using 1984 and 1979, respectively, as the initial period. The results indicate that increases in economic freedom over the 1994-1999 period are associated with the long-run increase in income inequality, but that changes during the other intervals are not statistically significant. A single unit increase in economic freedom during the 1994-1999 period is associated with 0.03 and 0.031 point increases in the income Gini over the twenty year periods ending in 1999 and 2004, respectively. In other words, a 1 standard deviation rise in economic freedom from 1994-1999 is associated with 0.691 and 0.714 standard deviation rises in income inequality over the 1979-1999 and 1984-2004 periods, respectively. 14 Column 5 of Table 3 reports the estimates when the 25-year change in inequality, ∆ , is regressed on the initial level of inequality, the two most recent 5-year changes in economic freedom, and changes in 14 The analysis uses the standard deviation of economic freedom for observations from 1994 and 1999 only and the standard deviation of family income Gini for observations from 1979-2004. economic freedom for the first 15 years after the initial period, ∆
. The results again suggest that increases in economic freedom over the 1994-1999 period are associated with the long-run growth in income inequality. The results from the last three regressions suggest that changes in the economy in the latter part of the 1990s are driving the long-run results. This period marked the rapid expansion of the technology sector and an above average 4% real annual growth rate of the U.S. economy. Economic freedom and income inequality both increased during this period, with 39 of 50 states experiencing an increase in the former and all 50 states an increase in the latter. Unfortunately, data on economic freedom prior to the 1980s is not available. As such, we cannot examine whether changes in economic freedom prior to this time exerted an effect on the long-run change in inequality.
Towards an alternative explanation
Our results are suggestive that increases in economic freedom are associated with reductions in inequality, but that the changes in the former take time to exert an effect on the latter. In other words, there is a lag between when economic freedom is enhanced and income inequality declines. The longrun dynamic regressions muddy this relationship somewhat, driven by changes to the economy in the 1990s coinciding with the technology boom. Reflecting on this evidence, perhaps the relationship between economic freedom and income inequality is not a linear one. Economies are, after all, in different stages of development, and they have different economic institutions and polices in place at any given point in time.
Simon Kuznets (1955) famously theorized that as economies grow inequality rises until a certain level of income is reached and inequality begins to fall, suggesting that the benefits of growth initially accrue to the upper end of the income distribution before trickling down to the lower part of the distribution. Assuming that the Kuznets relationship holds, one might expect that the same inverted U-shape relationship exists between economic freedom and income inequality, since the former has been empirically shown to be a positive determinant of economic growth (cf. Knack and Keefer, 1995; Berggren, 2003; Dawson, 2003; De Haan, Lundström, and Sturm, 2006; Gwartney, Holcombe, and Lawson, 2006; Hall, Sobel, and Crowley, 2010; Rode and Coll, 2011) .
Thus it is plausible that starting from low levels of economic freedom, enhancements would induce growth and provide new economic opportunities that initially benefit the upper part of the income distribution more so than the lower part since investments would likely originate from those with the physical and human capital necessary to launch an enterprise or engage in trade. This would result in an increase in income inequality. 15 As economic freedom continues to expand, growth continues, providing new economic opportunities to those previously lacking the capital to take advantage of emerging economic opportunities.
Eventually, greater economic freedom should result in greater benefits accruing to the lower part of the distribution relative to the upper part, resulting in an increase in equality. Berggren (1999) and Ashby and Sobel (2008) both found evidence that the incomeenhancing effects of positive changes in economic freedom benefit the bottom of the income distribution more so than the top over time. Proposition 1 describes this possibility.
Proposition 1: An inverted U-shaped relationship exists between economic freedom and income inequality. That is, beginning from low levels of economic freedom, increases initially lead to more income inequality, but as enhancements to economic freedom continue, an inflection point is reached such that additional increases lead to more income equality.
To test proposition 1, we use the static fixed effects model given by equation 3:
The results, reported in Table 4 , provide evidence of the existence of an inverted U-shaped relationship between economic freedom and income inequality as the coefficients on the linear and quadratic economic freedom terms are positively and negatively, respectively, associated with income inequality. To check the sensitivity of the results to the measure of inequality and the time period of data availability, three different measures of income inequality are used as the dependent variable in equation 3. All generate similar statistically significant results, sug-15 Although income inequality is likely to increase during the initial stages of economic liberalization and growth, other measures of inequality such as consumption and standard of living may decline. Data on such measures are limited and beyond the scope of the present study.
gesting that the parabolic relationship is robust. The inverted U-shaped relationship depicted by these estimates is opposite the finding of Carter (2006) , adding complexity to our already limited understanding of the relationship between economic freedom and income inequality.
The inflection point at which additional increases in economic freedom are associated with less income inequality are reported in the last row of Table 4 for each alternative measure of inequality. Figure 2 plots the average predicted income Gini measure against the average economic freedom score for the states using the Galbraith and Hale (2006) family income Gini measures, depicting an inverted Ushaped parabolic relationship between the two variables. The inflection point is 7.319, suggesting that states with an economic freedom score below this level will experience an increase in inequality when economic freedom expands, whereas states with economic freedom above this level will experience reductions in inequality for additional increases in economic freedom. 16 We computed the average economic freedom rating by state over the 1979-2004 period and found that 21 of the 50 states have an average rating above the inflection point. Proposition 1 suggests that additional increases in economic freedom in these states would generate more income equality. 17 In order to further test proposition 1, we separately estimate equation 1 for states with economic freedom above and below the inflection point in 1979. The results, reported in Table 5 , indicate that increases in economic freedom over the preceding decade are significantly associated with lower income inequality for states with economic freedom above the inflection point in the initial period. Meanwhile, the sign on the 10-year change in economic freedom variable is negative for the states with an initial level of economic freedom below the inflection point, but the coefficient is highly insignificant. Compared to the results obtained for the entire sample, reported in column 1 of Table 2 , the partial effect of ∆ on income inequality is much stronger for the subsample of states with initial economic freedom above the inflection point. These results lend empirical support to the validity of proposition 1. 16 The mean economic freedom over states and time included in the sample is 7.092, with a standard deviation of 0.695. 17 For the interested reader, the states with an average economic freedom rating to the right of the inflection point are AL, AZ, CO, DE, FL, GA, IN, IA, LA, MS, MO, NE, NV, NH, NC, SC, SD, TN, TX, VA, and WY. 
Summary
In this study, the dynamic relationship between economic freedom and income inequality for the fifty U.S. states over the 1979-2004 period is analyzed. Previous literature examining the relationship between income inequality and economic freedom has been inconclusive. Most authors have examined the relationship between the two variables using a linear framework, with these studies (Berggren, 1999; Scully, 2002; and Ashby and Sobel, 2008) suggesting that increases in economic freedom are associated with enhancements of income equality. Our results tend to support this finding and are robust to alternative measures of income inequality and various time periods. Carter (2006) offered a critique of the interpretation of the previous results in suggesting that there is a policy trade-off between economic freedom and income inequality, finding evidence of the existence of a U-shaped curve between the two variables in an international analysis.
The current analysis of the U.S. states adds further complexity to the discussion, as we find evidence of an inverted U-shaped curve between income inequality and economic freedom. This suggests that beginning from a low level of economic freedom, increases initially generate more inequality as the upper part of the income distribution benefits relatively more than the lower part; however, as enhancements of economic freedom continue, this reverses and the lower part of the distribution experiences larger relative income gains. This finding is also robust to alternative measures of income inequality. The preponderance of evidence tends to support this proposition, which is economically intuitive given that enhancements of economic freedom lead to greater growth and development, which in turn may initially act to increase income inequality before the benefits trickle down the income distribution and result in more income equality.
It should be noted that our results pertain to the United States and may not extend to an international analysis. The measure of economic freedom used can be roughly thought of as only accounting for differences across states in fiscal and labor market policies, holding constant other aspects of economic freedom such as property rights and legal structure, and monetary and trade policies, which may be important determinants of the distribution of income. This is a relatively good depiction of reality in the U.S., as the aforementioned institutional arrangements are maintained at a national level, and as such are relatively homogenous across states. The lack of variation across states in macro-level economic institutions could explain why our findings are opposite those reported by Carter.
Our results add to the discussion concerning the relationship between economic freedom and income inequality but are far from the final word on the matter. We suspect that this line of research will grow in the coming years, as the two variables are of significant concern among policymakers not only in the U.S., but also around the world. As such, additional research is needed to better understand the relationship between the two variables in order to better guide public policy. Senior share of population is the percentage of a state's population age 65 and over. College attainment, senior, and Hispanic data are from the U.S. Census Bureau. ∆ X X X ; ∆ X X X .
